Acholeplasma Iaidlawii B-PG9 was examined for 16 cytoplasmic enzymes with activity for purine salvage and interconversion. Phosphoribosyltransferase activities for adenine, guanine, xanthine, and hypoxanthine were shown. Adenine, guanine, xanthine, and hypoxanthine were ribosylated to their nucleoside. Adenosine, inosine, xanthosine, and guanosine were converted to their base. No ATP-dependent phosphorylation of nucleosides to mononucleotides was found. However, PPi-dependent phosphorylation of adenosine, inosine, and guanosine to AMP, inosine monophosphate, and GMP, respectively, was detected. Nucleotidase activity for AMP, inosine monophosphate, xanthosine monophosphate, and GMP was also found. Interconversion of GMP to AMP was detected. Enzyme activities for the interconversion of AMP to GMP were not detected. Therefore, A. laidlawii B-PG9 cannot synthesize guanylates from adenylates or inosinates. De novo synthesis of purines was not detected. This study demonstrates that A. Iaidlawii B-PG9 has the enzyme activities for the salvage and limited interconversion of purines and, except for purine nucleoside kinase activity, is similar to Mycoplasma mycoides subsp. mycoides. This is the first report of a PPi-dependent nucleoside kinase activity in any organism.
The only members of the class Mollicutes for which the pathways of purine salvage and interconversion have been comprehensively studied and described is Mycoplasma mycoides subsp. mycoides (27, 28) . Activities of some purine salvage enzymes in Mollicutes have been reported previously (12, 13, 16, 22, 23, 27, 28, 34) . Hamet et al. (12) have examined purine salvage but not interconversion enzyme activities in five Mycoplasma species and in Acholeplasma laidlawii A-PG8. Although, Mclvor and Kenny did not test for specific enzyme activities, they found that Mycoplasma species and A. laidlawii were able to incorporate radiolabeled purine and pyrimidine bases and nucleosides into RNA (23) .
We have reported that A. laidlawii B-PG9 maintains an adenylate energy charge comparable to that of Escherichia coli and other procaryotes and synthesizes more ATP per milligram (dry weight) than E. coli (2, 3) . To determine the pathways by which ATP and other purine 5'-monophosphates are synthesized in A. laidlawii B, we examined 16 enzyme activities involved in purine salvage and interconversion and the incorporation of [U-_4C]glycine included in the growth medium into purine bases. MATERIALS Organisms and culture conditions. A. laidlawii B-PG9 was grown without serum in our modification of Edward medium containing penicillin G (100 U ml-1), as described previously (2) . Bacillus subtilis 60015, which lacks purine nucleoside kinase activity (9), was obtained from Ernest Freese (National Institute of Neurological and Communicative Disorders and Stroke, Bethesda, Md.) and grown in a defined medium as described by Endo et al. (9) . E. coli ATCC 25922, which has purine nucleoside kinase activity, was grown in Edward medium without penicillin.
All cultures were incubated at 37°C. Starter cultures were inoculated into temperature-equilibrated media to 1 to 5% (vol/vol) and incubated statically. Cells were harvested in their mid-log phase of growth at 6 to 24 h.
To detect de novo synthesis of purines, A. laidlawii was grown in tryptose broth containing, per liter, tryptose (Difco Laboratories, Detroit, Mich.), 25 g; NaCl, 5 g; and Tris, 5 g (pH 7.5). After autoclaving, we added sterile glucose solution to 1% (vol/vol) and a liposome suspension to 0.5% (vol/ vol). The liposome suspension was composed of phosphatidylcholine-cholesterol (1:1) and prepared as described by Cluss et al. (8) . The liposome suspension was added because it stimulated growth and increased the cell yield. The concentration of adenylates in the tryptose medium was 0.3 ,ug ml-1 and about half that in modified Edward medium without serum.
Preparation of cell extracts. Cell-free preparations were made essentially as described previously (30 We also assayed the hypotonic lysate of washed human erythrocytes by the procedure of Henderson et al. (14) . Product GMP was chromatographically separated from substrate IMP in solvent B.
(ix) Adenylate deaminases were assayed. AMP deaminase (AMP aminohydrolase; EC 3.5.4.6) and ADO deaminase (ADO aminohydrolase; EC 3.5. (x) De novo purine synthesis in growing cells was assayed by measuring the incorporation of [U-14C]glycine radioactivity added to the tryptose growth medium (0.5 ,uCi ml-) into cellular acid-precipitable purine bases as described by Martin and Owen (21) . RESULTS Utilization of purine bases and nucleosides. The activities of the purine enzymes are reported as the rate of product formation (in nanomoles per minute milligram of protein) ( Table 1) . A. Iaidlawii B-PG9 is capable of converting all the purine bases to their corresponding ribonucleosides via the phosphorylase and to the corresponding ribonucleotides via the phosphoribosyltransferases. Purine ribonucleosides are converted to the corresponding bases via nucleoside phosphorylase activity.
In A. laidlawii B-PG9, no ATP-dependent ADO kinase or nucleoside kinase activity was detected. To determine whether the lack of ATP-dependent ADO kinase and nucleoside kinase activities was due to contaminating membrane ATPase activity, dialyzed cell extract was examined for ATPase activity. Under conditions as described for the assay for ATP-dependent ADO kinase activity, 90 to 91% of [8-14C] ATP was still present in the reaction mixture after 6 min of incubation, and about 85% of the radiolabeled ATP remained after 30 min. This indicated that our inability to detect ATP-dependent ADO kinase or nucleoside kinase activities was not due to the absence of ATP in the reaction mixtures.
However, in A. laidlawii B-PG9, ADO, INO, and GUO, but not XO, were converted to the ribonucleotides via a PPidependent ADO kinase or nucleoside kinase activity (Table  2) . We do not know whether one or more enzymes are responsible for these activities. The rate of formation of AMP as a result of ADO kinase activity in crude preparations of A. laidlawii B-PG9 was found to be dependent on the concentration of sodium PP1 (Fig. 1) . In E. coli, as expected, ATP but not PP1 was required for these purine nucleoside activities ( In some experiments with AMP deaminase, IMP dehydrogenase, and GMP synthetase, we added washed A. laidlawii B-PG9 membranes (30) to the reaction mixtures (90 to 110 ,ug of protein) without effect.
De novo synthesis of purines. During growth, A. Iaidlawii B-PG9 did not incorporate exogenous [U-t4C]glycine radioactivity into purine bases. DISCUSSION Except for M. mycoides (32) , the lack of a defined medium that supports adequate growth impairs the study of purine metabolism of members of the class Mollicutes. In preliminary experiments, we used a defined medium for A. Iaidlawii B-PG9 similar to that of Rodwell's C-2 medium (32), as used by Mitchell and co-workers (27, 28) and formulations suggested by Razin and Cohen (31) and Greenaway and Wase (11) . However, we did not obtain sufficient growth for our enzyme assays in these media.
Except for the PP1-dependent ADO kinase and nucleoside kinase, XMP nucleotidase, and XO phosphorylase activities reported here, we found that A. laidlawii B-PG9 has similar enzymatic activities of purine salvage and interconversion as M. mycoides (27, 28) . That is, both M. mycoides and A. laidlawii B-PG9 are able to convert purine bases to their respective nucleoside and mononucleotide and guanylates to adenylates via GMP reductase, adenylosuccinate synthetase, and adenylosuccinate lyase (Fig. 2) . Both organisms are incapable of converting adenylates to guanylates. We did not detect AMP, ADO, or ADE deaminases, IMP dehydrogenase, GMP synthetase, or XO kinase activities in A. Iaidlawii B-PG9 (Fig. 2) . The activities of these enzymes in M. mycoides have not been reported but are presumed to be absent based on labeling experiments performed by Mitchell and co-workers (27, 28) .
In some experiments, we detected conversion of the nucleosides to their bases in the absence of added phosphate. This suggests that there may also be some phosphateindependent purine nucleosidase (N-ribosyl-purine ribohydrolase; EC 3.2.2.1) activity as reported in Trichomonas vaginalis and other protozoa (25) . However, we cannot be certain of this because phosphate may be supplied from crude lysate, despite dialysis, and may be adequate to support phosphorylase activity which appears as phosphateindependent hydrolase activity.
M. mycoides is capable of using GUA but not ADE as the sole source of purine nucleotides for growth (27, 28, 32) . However, A. Iaidlawii B is reported to require both ADE and GUA for growth (18, 35, 37) , despite the presence of the enzyme activities necessary to convert GUA to ADE, as we have shown in this work. This suggests that perhaps the r4te of interconversion is insufficient to fulfill the requirements for adenylates in A. laidlawii B. However, any comparisons or opinions drawn from the rates of the enzyme activities reported here must be made provisionally and with great caution since our assays were conducted with essentially crude cell extracts, and there may be competing reactions. We minimized competing reactions by extensive dialysis of our cell-free preparations. Control reactions lacking added substrates or cofactors had no activity. Perhaps our inability to detect some enzyme activities, for example XO kinase, was due to inadequate sensitivity, the use of reaction conditions inappropriate for A. Iaidlawii B-PG9, or inhibition by some undetermined mechanism.
The committed step of de novo purine synthesis is the formation of phosphoribosylamine (PRA). PRA is synthesized from ribose-5-phosphate and PRPP, a reaction involv- 
